The effect of particle size reduction on the pasting properties of rice, wheat, corn (maize), potato, sweet potato, and cassava starches was elucidated. Before pulverizing, the mean particle size and the pasting properties of the starches differed by crop. With increased pulverizing, the mean particle size decreased in all flours (to＜10 μm) and the pasting properties converged. Commercial flours containing the larger starch granules have the higher starch damage after pulverization.
Introduction
Rice, wheat, and corn (maize) are the three major sources of starch around the world, and their flours are extensively used for making bread, crackers, flakes and other foods. Potato, sweet potato, and cassava are also made into flours for food manufacture. Root and tuber starches such as these exhibit high viscosity [1] . Potato starch has the highest swelling power and the highest viscosity among all commercial starches [2] . Cassava starch reportedly has a unique, very high single-stage swelling proper ty and peak viscosity [3] . Starches obtained from such crops have different particle sizes, and mixing one starch with another changes the pasting properties [4, 5] . The particle size of rice flour affects the pasting properties, starch damage [6] , and flowability [7] . Mechanically damaged starch during milling [8] is of considerable importance to the baking industr y since damaged starch both absorbs more water and is more susceptible to enzyme degradation than intact starch at dough-forming temperatures [9] . However, no study has reported the effects of pulverization of different starches on their physiochemical properties. A better understanding would extend the use of various flours.
The main objective of this study was to find out the effects of particle size reduction and starch damage by pulverization among different flours on pasting properties.
Materials and Methods

Materials
Commercial starches were purchased: rice starch (Sigma: S7260), potato starch (Sigma: S4251); wheat starch, sweet potato starch, cassava starch (Cuoca Planning Co., Ltd., Tokushima Japan); and corn starch (Noguti Food Industry, Japan).
Experimental and analytical methods
Pulverization of samples
All flours were pulverized three times in a Co-Jet mill (Co-jet system-α MK III, Seishin Enterprise Co. Ltd., Japan). The nozzle pressure was 0.6 to 0.7 MPa. Samples were slammed against the impact plate of the mill with high velocity air and were pulverized. Figure 1 shows the schematic diagram of the Co-jet mill. A cone shaped ceramic impact plate was used with the diameter of 51 mm and pinnacle of 14 mm.
Particle size distribution
The mean size distribution of the flour samples was analyzed by laser dif fraction par ticle size analyzer (SALD-2100; Shimadzu Co., Kyoto, Japan). Deionized water was used as the medium for wet size measurement of flours. Sonic measurements were performed to avoid the aggregation of flours.
Moisture content of starches
The moisture contents of different samples were measured by oven dry method [10] . Samples (2-3 g) were placed in a pre-weighed aluminum container and 
Pasting properties
The pasting properties of the samples were measured with a Rapid Visco Analyser (RVA-4; Newport Scientific, Warriewood, NSW, Australia) [12] . Flour (3.5 g, 14% moisture basis) was transferred into a canister and 25 ± 0.1 mL of deionized water was added (with correction for moisture content). 
Particle size distributions of commercial
and pulverized samples Figure 3 describes the particle size of commercial and pulverized starches. Among the commercial samples, the particle size of rice starch was relatively small; those of corn, cassava (both narrow distributions), sweet potato, and wheat starches were medium; and that of potato was large and wide distribution.
After three times pulverizations, the mean size of rice Md. Sharif HOSSEN, Itaru SOTOME, Makiko TAKENAKA, Seiichiro ISOBE, Mitsutoshi NAKAJIMA, and Hiroshi OKADOME 32 starch was slightly reduced and the relative volume of the shoulder near 2 μm increased slightly. All other flours developed a similar shoulder near 2 μm, and wheat, potato, sweet potato, and cassava developed another tiny shoulder near 70 μm. The dissimilar size distribution curves before pulverization became similar after pulverization. Figure 4 illustrated RVA pasting curves for commercial and triple-pulverized starches. Among commercial samples, potato showed the highest peak viscosity, followed by cassava, rice and corn showed the lowest values.
Pasting properties of flours
Cassava and wheat showed the highest final viscosities, and thus had the highest ability to form a gel after cooking and cooling [13] .
On the other hand, after pulverization, the peak, trough, and final viscosities of all flours were decreased.
The decreased peak viscosity shows that smaller particles are more resistant to swelling [14] , and that particle size affects the RVA measurement [15] . Table 2 shows RVA pasting properties of starches with different pulverization. After pulverization, the peak viscosity was highest for rice starch, followed by cassava.
These results show that the potato, cassava, and sweet potato starches became more resistant to swelling or lost t h e i r s w e l l i n g c o m p e t e n c e a f t e r p u l v e r i z a t i o n .
Pulverization to tiny particle decreased the ability of all samples to form a gel after heating and cooling. The ability of wheat, corn, potato, and sweet potato starches to form a gel became similar after pulverization, as shown by their almost identical final viscosities. Rice and cassava starches had a slightly higher ability to form a gel.
The commercial potato starch showed a very high peak of around 1000 RVU, but after pulverization the peak and cur ve dropped drastically. Commercial potato, sweet potato, and cassava starches had higher peak viscosities than final viscosities, but pulverization reversed this order. Figure 5 shows the effect of particle size on peak and final viscosities. Peak and final viscosities decreased with particle size in all flours. Thus, particle size profoundly affects both. After pulverization, the pasting properties became more similar among different flours. The characteristics of individual starch granules might be altered by the damage. As damaged starch has less ability to swell, the more-damaged starches showed lower peak viscosity. Pores or cracks in damaged granules may act as sites for amylolytic action and water absorption [16] .
Conclusions
In the commercial flours, the mean particle size and pasting properties varied with the crop. As pulverization increased, the mean particle size decreased in all flours (to＜10 μm) and the pasting properties converged. Thus, particle size reduction made the pasting properties similar. Pulverization also increased starch damage, which affects the pasting properties. Level of starch damage by pulverization may affect the dough mixing. Commercial starches have lower level of damaged starch and thus have less ability to absorb water for forming dough.
Altering the level of starch damage by pulverization may alter the dough mixing ability of dif ferent starches.
Results of this research may become useful as basic data in controlling water absorption and rheological property of pulverized starch flours during processing. 
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